An anaesthetic agent can be evaluated not only with regard to the influence on homeostasis per se, but also in terms of its ability to protect the organism from surgical stress. Responses to surgical trauma are largely mediated through the autonomic nervous system and adrenal medulla, and, therefore, are expressed as increases in heart rate (HR), blood pressure, and concentrations of stress associated substances in the circulztion during and after surgery. Increases in cortisol and catecholamines are reliable indicators of surgical trauma and manifestations of the physiological response to stress. ~,2 Different anaesthetics or combinations of different agents can provide different degrees of protection against similar surgical stress. The purpose of this study was to evaluate the ability of isoflurane, in combination with nitrous oxide, and both with and without lidocaine and fentanyl, to provide haemodynamic and hormonal stability during upper abdominal surgery.
lsoflurane anaesthesia in volunteers and surgi cally unstimulated patients was associated with a decrease in blood pressure and occasionally a decrease in HR. 3-s The addition of surgery was accompanied by an increase in HR; however, these results were observed in patients given isol~urane in a relatively low dose.6 These data might be interpreted as evidence that light ist~flurane anaesthesia does not sufficiently protect the cardiovascular system from surgical stress. Therefore, we chose two levels of isofturane anaesthesia to examine the effect of isoflurane dose on response to surgery.
Infusion of local anaesthetics to supplement general anaesthesia has been used for many years.7,8 Lidocaine administered intravenously produced analgesia for experimentally induced pain 9 and decreased MAC of inhalational agentsfl ~ A plasma lidocaine concentration of 3.2 txg'ml -t during administration of 70 per cent nitrous oxide produced an anaesthetic effect equal to 1 MAC.n2 Alterations in anaesthetic requirements induced by lidocaine could be related to blockade of nnciceptive impulses at the level of spinal cord neurons. 13 The combination of isoflurane with an infusion of lidocaine was used in this study in an attempt to further modify hormonal and imemodynamic responses to surgery.
Fentanyl in doses above 50 l.xg'kg-t t,~ and even as low as 10 txg'kg -~ t5 prevented catecholamine release during upper abdominal surgery. However, doses of 5 l~g'kg~' of fentanyl did not prevent an increase in blood cateeholamine concentration during laparotomy. 16 Therefore, wc chose fentanyl doses of 2 ~g.kg-~ (combined with isoflurane and nitrous oxide), and 7.5 and 15 i~g.kg -~ (sup~ plemented by nitrous oxide only), to determine if one or more of these combinations would provide relatively effective protection from surgical stress without causing prolonged postoperative respiratory depression. Thus, the main hypothesis of the study can be formulated as tbllows: fentanyl and ]idoeaine supplementation to general anaesthesia with isoflurane and nitrous oxidc permits a reduction in the dose of isoflurane and/or provides better protection against surgical stress than does isoflurane alone.
Methods
After approval from the Institutional Review Board on Human Research at The University of Alabama in Birmingham, informed consent was obtained from 60 ASA physical status 1-11 adult patients undergoing elective upper abdominal surgery (chop ecystecomy, gastrectomy). All patients received the same premedication which consisted of diazepam, 0.15 mg'kg-L orally, and morphine, 0. I mg.kg-~ intramuscularly and a standard induction with thiopentone, 4 mg-kg -b . Endotracheal intubation was facilitated with 1.5 mg,kg-1 of succinylcholine. Subsequent muscle relaxation was achieved with metocurine, 0.2-0.3 mg'kg -~, titrated by train-of-four neuromuscular stimulation. The choice of metocurine was due to its minimal effect on cardiovascular function, compared with other muscle relaxants. ~7-t9 [n all patients ventilation was controlled with 0.65 MAC (66 per cent inspired) nitrous oxide in oxygen. Patients were randomly assigned to six groups, ten patients per group (Table I) Group IIl patients received 2 ~g'kg-~ of fentanyl before the skin incision. One-eighth of the initial dose was given every 15 minutes during surgery. They also received 66 per cent nitrous oxide and isoflurane, which was titrated to keep the blood pressure close to pro-induction values and was maintained at approximate]y 0.75 per cent endexpired.
Group IV patient.~ received 66 per cent nitrous oxide, isoflurane, (about 0.75 per cent end-expired, titrated to keep blood pressure close to proinduction values) and a bolus of lidocaine, 1.5 mg.kg -1, before anaesthesia induction, with subsequent lidoeaine infusion (30 ~g'kg -1' min-~). The infusion was stopped at the end of the surgery. This technique should maintain a plasma level of about 3 p.g-ml -t of lidocaine; 2~ however, we did not confirm this by measurement of plasma lidocaine.
Patients in Groups V and VI received fentanyl, 7.5 and 15 /xg'kg -t, respectively before skin incision with ~ of initial dose given every 15 minutes during surgery. The method of administration of fentanyl used in this study was based on a pharmacokinetic model of fentanyl derived from the data by McClain and Hug. 22 The dosage of fentany] should assure a relatively stable plasma level of fentanyl-not lower than 3.2 ng-ml -~ when 15 ~tg.kg -~ was the initial dose and not lower than 1.6 ng.ml -~ when 7.5 i..tg.kg -~ was used. "~3 Fentanyl was given in addition to 66 per cent of nitrous oxide. Diazepam, 5 mg IV per each hour of surgery, was given to prevent intraoperative awareness.
In all patients, residual muscle paralysis was reversed at the end of the surgery with 2 mg of atropine and 5 mg neostigmine. Times of restora tion of respiration and extubation, incidence of nausea, vomiting and emergence excitement were recorded. Extubation was performed when patients were awake and the following criteria met: lbrced vital capacity above 15 ml'kg -~ , negative inspiratory lorce greater thau 30 mmHg, and a positive head-lift sign.
Cardiovascular variables -systolic, diastolic and mean blood pressure (using Dinamap Adult/Pediatric Vital Signs Monitor, Mode] 845XT, Criticon, Inc.) and HR -were monitored. End-expired isoflurane concentration was measured with an Engstr6m Multigas Monitor for Anesthesia (EMMA). With at least a 30-minute warmup period, the EMMA was zeroed against room air. A humidity retaining device, "artificial nose," separated the EMMA sensor from the patient's humidified air. In this case, water vapour values consistently showed 0.5 per cent; therefore, the actual value of end-expired isoflurane concentration was equal to the read-off value minus 0.5 per cent. The EMMA was calibrated with a calibration transducer, provided by the Engstrfm Company. Thirly random EMMA values were compared to measuremeats obtained with the Perkin-Ehner Medical Gas Analyzer, Model 1100 and found to be identical. Controlled ventilation was adjusted to maintain an end-expired carbon dioxide tension close to 40 mmHg. Venous blood samples were taken to determine cortisoL and catecholamine (epinephrine and norephinephrine) concentrations at the following seven stages: Stage I -one day prior to surgery, at 3-5 p.m. (baseline values), Stage 1I -before anaesthesia induction, at 7-9 a.m., Stage 1[1 -immediately after endotracheal intubation, Stage IV-15 minutes after skin incision, Stage V -1 hour into surgical procedure, Stage VI and VII -two and six hours after surgery was completed, respectively.
Blood samples for analysis of catecholamines were collected in iced polystyrene tubes containing EDTA. After centrifugation, plasma was collected and stored at -80 ~ for later analysis. Catecholamines were extracted one to two weeks later and then assayed by high performance liquid ehromatographyfl 4'z6 Cortiso] concentration in the plasma was determined using radioimmunoassay. 27 Data analysis was computed by statistical analysis system (SAS) and consisted of determination of mean values of each variable at all stages. Differences between variables of groups and at different stages were determined with repeated measurements in time analysis of variance model. 28 Since there is a large number of degrees of freedom (30 or 40) in the group by stage interaction term, truly significant differences could be diluted by a large number of non-significant differences resulting in an overall not significant group by stage interaction term. Thus regardless of whether the group by stage interaction term was significant, one way analysis of variances were run at each stage. Individual Comparisons of study demographics between groups for such variables as age and BSA was done by a one-way analysis of variatlce. Comparison of the proportions of each group that were of a given sex or had a particular surgical procedure was done by a chi square test of proportions. Sample size was determined arbitrarily and significance level equalled 0.05.
Results
There were no s'catistieally significant differences between the groups in age, sex, BSA, surgical procedures or duration of surgery (Table IlL All patients were between 37 and 55 years and the duration of surgery varied between two and three hours.
Due to the design of the study, end-expired isoflurane concentration was higher in Group I1 compared with the other groups; however, there were no differences in end-expired isoflurane concentrations during surgery between Groups I, ill and IV (Table III) . See Table l for Group idemification * = p < 0,05 cc)mpared with Groups I. tit and IV in corresponding stages (analysi~ of variance).
The analysis of HR showed a significant group by stage interaction. The other variables investigated (mean arterial blood pressure, plasma cortisol, epinephrine and norepinephrine) did not have a statistically interaction term. Changes in HR and mean arterial blood pressure (MAP) observed during surgery with all of the anaesthetic techniques employed, are presented in Table IV . Moderate, but statistically significant, decreases in HR were observed during surgery in patients who received fentanyl -Groups V and Vl.
A two-to three-fold increase in plasma cortisol levels occurred in all patients regardless of the anaesthetic technique employed (Table IV) . The maximum increase was observed postoperatively at Stages VI and VII rather than during the surgical procedure itself. Rises in plasma cortisol values were similar in all anaesthetic groups.
Epinephrine and norepinephrine concentrations were increased during the immediate postoperative period in Group 1 patients (Table IV) . There was a great inter-individual variability in plasma cateeholamine levels which led to a relatively large standard deviation of the mean values at each stage of observation.
There were some differences in the immediate postoperative course between the groups. Extubation after surgery was possible earlier in Groups 1, Ill, and V than in Groups II, IV, and VI. There was a substantial delay in extubation in Group VI patients, who received relatively high doses fentanyl. The requirement for the first injections of analgesics was substantially delayed in patients who received fentanyl (Groups V and VI Table  IV ). Nausea occurred in two patients who received deep isofluraue (Group 11) and in one of the paticnts who received fentanyl (Group V), and vomiting occurred in only one of the patients in Group II (one of the patients who had nausea). Shivering, coughing, and/or excitement were not observed in any of the 60 patients.
Discussion

Haemodynamics
Certain changes in heart rate and blood pressure were observed in the various groups. Relatively deep isoflurane anaesthesia (Group ll) was accompanied by a statistically significant increase in HR without concomitant decreases in b]ood pressure. Table I for Group identification. HR = heart rate (beats per minute); MAP = mean arterial pressure 0nmHg); CORT = r (Bg'dl-~); EPI atad NE = epinephrine and norephrine, (pg'ml-~), * = p < 0.05 compared with baseline values within the same group, ~-3 etc, p < 0.05 compared with corresponding stages of Groups 1.11. Ill etc.
Such an increase in HR did not occur in the three other groups which received i sofl tJrane (Group I, Ill and IV). The moderate tachycardia observed during surgery in Group 11 patients could be related to a deeper depression of vagal activity compared with the depression of sympathetic activity. 29 lsoflurane and nitrous oxide (0.65 MAC each) alone or in conjunction with low dose fentanyl or lidocaine provided stable cardiac rhythm and blood pressure during the surgical procedure (Groups I, I11 and IV). The combination of isoflurane with a small dose of fentanyl (Group llI) was not accompanied by a decrease in blood pressure. Such a decrease was observed when small doses of fentanyl were used with halothane, 3~
Patients receiving different doses of fentanyl (Groups V and VI), experienced a moderate decrease in HR during surgery (one hour after skin incision) compared with baseline values and values observed during corresponding stage in the other four groups. These changes were minor and did not present any problems to any of the patients, On the contrary, these alterations may confer an advantage to patients with ischaemic hearl disease: an increase 
Hormonal Changes
Statistically significant increases in both epinephrine and norepinephrine concentrations were observed during the immediate postoperative period in Group 1 patients only (Table IV) . This might mean that anaesthetic techniques employed in the remaining five groups modified the catecholamine response to surgical stress. Cateeholamine release during laparotomy was prevented with more than 10 ~g'kg -1 of fentanyl 1<Is but was not blocked by 5 p,g.kg-1 of fentanyl, 16 Our data have confirmed the,~e observations and, moreover, have shown that a loading dose of fentanyl larger than 7.5 ~g,kg-t (in conjunction with nitrous oxide) is also able to modify sympatho-adrena] response to laparotomy. The same seems to be true for some other anaesthetic techniques used in the study: deep isoflurane anaesthesia and/or supplementation of isoflurane (0.65 MAC) with nitrous oxide and small doses of fentanyl (2 I, zg'kg i) or infusion of lidocaine (30 txg.kg-t. min-t). Baseline values of plasma epinephrine in our patients were somewhat increased when compared 31 32 r with other reports. ' This was probabl 3 related to the psychological stress response to upcoming surgery and/or to venipuncture used for the collection of the first blood sample (all following samples were taken through indwelling eannulas). Well known diurnal variation in cortisol and catecholamine concentrations may have contributed to the large variability in the values observed throughout the perioperative course. Cortisol level was increased during surgery in all patients regardless of the anaesthetic technique employed. This increase was greater during the immediate postoperative period than during the surgical procedure. Some authors have noted that it is somewhat easier to block the release of catecholamines than cortisol during surgery. 33
Clinical Course
By chance, the random assignment process led to no male patients in Group IV. However, there was not a statistically significant difference in the percentage of males between groups, and we do not believe that the absence of males in this group influenced the results of the study.
Both featanyl and lidocaine have been shown to decrease MAC requirements (move response to skin incision) of inhalational agents, io-t2.3~ They did not, however, reduce isoflurane requirements to control MAP, HR or affect cortisol release ( Table   IV) .
The earliest awakening and extubation occurred in Groups I, III and V, while this time was substantially prolonged in Group VI patients who received relatively high doses of fentawI (15 !.tg'kg-1). Patients who received fentanyl (Groups V and VI) did not require postoperative analgesia for a much longer period of time than patients who received isoflurane anaesthesia alone or in any employed combination. These results are not surprising and can be considered as small and probably unimportant advantages or disadvantages of one technique over another. However, it is interesting to note that small doses of fentanyl (7.5 i~g.kg --~ Group V) allowed early awakening and extubation, and still provided a longer postoperative analgesia than isoflurane. Doubling the dose of fentanyl was not accompanied by any benefits and, on the contrary, led to undesirable postoperative respiratory depression The study illustrates that stable haemodynamics and satisfactory clinical course of anaesthesia can be provided by titration of anaesthetic or a combination of several agents; the agent(s) per se might play a secondary role.
In conclusion, isoflurane anaesthesia, 0.65 MAC (in conjunction with 66 per cent nitrous oxide), alone or in combination with small doses of fentanyl (2 i~g-kg-t), or lidoczine (30 ~g-kg-t.min-t), as well as fentanyl in doses of 7.5 and 15 I~g'kg -i (in conjunction with nitrous oxide), assured a stable and steady haemodynamic course of anaesthesia during upper abdominal surgery. Deeper isoflurane anaesthesia (more than 1 MAC in conjunction with nitrous oxide) did not have any advantages over the other techniques employed. The larger dose of fentanyl (15 p.g'kg i) did not have any advantages over a smaller dose (7.5 ;xg,kg-~); however, it did cause a substantial delay in awakening and extubation.
